Facial flushing in rosacea is often induced by trigger events. However, trigger causation 1 mechanisms are currently unclear. This study tested the central hypothesis that rosacea causes 2 sympathetic and axon reflex mediated alterations resulting in trigger-induced symptomatology. 3 Twenty rosacea patients and age/sex-matched controls participated in one or a combination of 4 symptom triggering stressors. Protocol 1: Forehead skin sympathetic nerve activity (SSNA; 5 supraorbital microneurography) was measured during sympathoexcitatory mental (2 min serial 6 subtraction of novel numbers) and physical (2 min isometric handgrip) stress. Protocol 2: 7 Forehead skin blood flow (laser-Doppler flowmetry) and transepithelial water loss/sweat rate 8 (capacitance hygrometry) were measured during sympathoexcitatory heat stress (whole-body 9 heating via perfusing 50°C water through a tube-lined suit). Protocol 3: Cheek, forehead, 10 forearm, and palm skin blood flow were measured during non-painful local heating to induce 11 axon reflex vasodilation. Heart rate and mean arterial pressure (MAP) were recorded via finger 12 photoplethysmography to calculate cutaneous vascular conductance (CVC; flux*100/MAP).
example, blood pressure and laser-Doppler flowmetry must be assessed simultaneously to 48 interpret sympathetic-induced flux changes (e.g., increased arterial blood pressure can increase 49 flux independent of cutaneous vasodilation) and blood flow standardization must be employed, 50 as absolute values are meaningless unless blood vessel density and other parameters are known 51 (but are unknown in all non-invasive studies). Although also under sympathetic control 52 (Shibasaki et al. 2006) , sweat gland function, to our knowledge, has not been evaluated in 53 rosacea. 54 Axon reflexes involve local peripheral neural circuits where a cutaneous afferent stimulus 55 causes a local sympathetic-like end-organ response, yet these sensory-motor responses are not 56 mediated by brainstem autonomic control centers (Holzer 1997; Rubino and Burnstock 1996) . 57 Noxious axon reflexes associated with stinging induced by cholinergic iontophoresis are 58 augmented in severe vs. milder rosacea (Drummond and Su 2012) . It is possible that in some 59 patients with rosacea, triggers are mediated via sympathetic-like axon reflexes involving warmth, 60 which activate transient receptor potential vanilloid subtype (TRPV) ion channels in cutaneous Participant health was assessed by medical history and physical exam including 12-lead 92 electrocardiogram, and rosacea classification was determined based on established guidelines 93 (Wilkin et al. 2002) . Exclusion criteria were: smoking; pregnancy; hypertension; obesity; neural, 94 cardiovascular, gastrointestinal, hematological, musculoskeletal, or other dermatological 95 diseases; or medications or supplements that could not be temporarily withheld. All experiments 96 conformed to the Declaration of Helsinki and were approved by the local Institutional Review 97 Board. Each participant gave both written and verbal informed consent to participate in this 98 study. 99 Participants refrained from caffeine, alcohol, and exercise for 12-24 hr and prescription 100 drugs for at least 4 half-lives prior to testing conducted in the late morning or early afternoon in a 101 temperature-and humidity-controlled laboratory (23-25°C, relative humidity <50%). All 102 participants rested awake and supine for at least 30 min prior to experimentation. Inc., Bowdoin, ME) through the skin without local anesthesia. A ground electrode was then 110 inserted close to the recording electrode but outside the sensory innervation area. The recording 111 electrode was then positioned within the nerve fascicle and adjusted until SSNA bursts were 112 clearly identified using previously established criteria (Delius et al. 1972; Hagbarth et al. 1972) .
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In brief, these included 3:1 signal to noise ratio; skin afferent recordings; nonpulse-synchronous 114 SSNA induction by startle, inspiratory gasp, and handgrip; and no relation to chemoreflex or Page 7 baroreflex perturbations. Figure 1 depicts a representative tracing of baseline and during skin 116 afferent stimulation. The nerve signal was amplified, passed through a band-pass filter (500-117 5,000 Hz), and integrated with a 0.1 sec time constant (Iowa Bioengineering, Iowa City, IA).
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Mean voltage neurograms were visually displayed and recorded on a data acquisition system 119 (Biopac Systems, Goleta, CA). The nerve signal was also routed to a loudspeaker for monitoring 120 throughout the study. (Figure 1) . A laser-Doppler flow probe for skin blood flow, ventilated capsule for TEWL/sweat 144 rate, and thermistor for skin temperature were placed within the typical area of supraorbital 145 innervation on the contralateral forehead since ipsilateral sensory-related mechanoreceptive 146 afferents could not be avoided. After SSNA verification, baseline measurements were obtained, 147 followed by mental arithmetic, re-baseline, then handgrip protocols. Protocol 3. CVC for each site was determined as in Protocol 1 and expressed as percent 211 of maximal (derived from the highest plateau value). Averages of 60-sec bins were obtained 212 during initial baseline, 32°C standardization, plateau at 42°C, and plateau at 43°C; additionally, 213 5-sec bins were obtained during the site's initial peak. HR and MAP were also averaged in 60- Protocol 3. CVC was not different between rosacea and controls within a given skin site 258 during initial baseline or 32°C standardization. Similarly, initial peak response to local heating 259 was not different between rosacea and controls within a given skin site (Table 1) . Plateau values 260 for each skin site, expressed as percent increases from baseline, were not different between 261 groups (forehead p=0.66, cheek p=0.23, forearm p=0.77, and palm p=0.67). HR did not change 262 across the local heating protocol (rosacea: 62±4 to 62±5 bpm, p=0.84; control: 65±4 to 65±4 263 bpm, p=0.90; for baseline and end-heating, respectively), but MAP did increase slightly in 264 rosacea (rosacea: 89±4 to 93±5 mmHg, p=0.02; control: 95±3 to 97±3 mmHg, p=0.32; for 265 baseline and end-heating, respectively). No pain was reported during increasing skin temperature 266 or with prolonged 42-43°C local heating. including "carrying and lifting" is a trigger event for many rosacea patients (2013b), and this 300 higher outflow may be one reason. 301 We also observed augmented supraorbital SSNA increases during mental stress in Because of likely proximity differences in needle placement within a nerve and the current 306 recommended SSNA analysis procedures which evaluate the integral rather than burst frequency, 307 it is difficult to determine if rosacea subjects had increased baseline supraorbital SSNA. As a 308 general qualitative observation, supraorbital baseline activity was fairly low in both groups 309 ( Figure 2B ). However, in response to mental arithmetic, SSNA increased in both groups, with 310 dramatically increased responses in rosacea that persisted throughout the task. This higher 311 outflow may be a reason that mental stress is often a rosacea symptom trigger. 312 We employed a number of improvements in skin blood flow assessment compared to 313 previous studies in this area: 1) CVC calculation rather than obtaining only flux measures, which 314 are significantly affected by MAP; and 2) skin blood flow standardization to either baseline or 315 maximal CVC to more accurately compare both persons and skin sites with varying blood vessel 316 densities. Cutaneous vasodilation occurred sooner and CVC increased to a greater extent in 317 rosacea compared to controls during whole-body heating. Subjects with rosacea increased oral 318 temperature to the same degree as age-sex matched controls despite being heated for less time. It 319 is possible that this higher skin blood flow observed in rosacea aided in the observed heat gain 320 during the thermal stress. However, we cannot confirm this because we do not have an index of 321 skin blood flow in non-facial skin. Baseline CVC was not significantly different in rosacea 322 compared to controls in either protocol. This is not unusual, as visible surface veins and 323 telangiectases were avoided and no patients actively flushed during normothermic baseline. data, however, are more difficult to interpret because of lack of accounting for blood pressure 330 changes and because of use of an atypical skin blood flow standardization procedure. In 331 normothermic conditions, it is not unusual to observe a lack of change in CVC within the area of 332 innervation of the common fibular nerve during isometric exercise (Wilson, et al. 2006) . While 
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The vasodilatory response to local warming is biphasic; topical afferent anesthetics can block the 363 initial peak -thereby implicating a local axon reflex mechanism. Local heat stimulates TRPV 364 receptors on warm sensory afferents. TRPV subtypes 1-4 are upregulated in affected skin in 365 erythematotelangiectatic rosacea (Sulk et al. 2012) . Despite this, we did not observe a difference This was the first study to directly quantify sympathetic outflow in vivo in rosacea.
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During both handgrip and mental arithmetic, individuals with rosacea had augmented where sweating and cutaneous vasodilation occurred earlier in rosacea compared to controls. 
